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(54)Titie: COMMUNICATIONS SYSTEM AND A METHOD THEREFOR 


I (57) Abstract 

A handoff method is shown in the figure providing for tl» 
I mobile station to transfer its communications between two time 
domain systems including the steps of initiating time adjusted 
operation by a mobile station on a flexible time domain system and 
informing the flexible time domain system of at least one particular 
activity requirement of the mobile station. 
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COMMUNICATIONS SYSTEM AND A METHOD THEBEFOR 

^^If^nfthe Invention 

5 This invention relates to commimications systems and more 

particularly, to a communications system for operation on a number of 
different air interface technologies and a method therefor. 

Pgrkprounf) th** T"ve"tion 

10 

For the future provision of mobile telecommunications services, it is 
envisaged that a nimiber of air interface technologies will be deployed with 
overlapping coverage areas and that such a mixed deployment of system 
technologies will be required in an attempt to address specific services and 
15 environments. 

In the US, both Time Division Multiple Access (TDMA) schemes (such 
as U.S. Digital Cellular USDC) and Code Division Multiple Access (CDMA) 
schemes (such as a variant of the Qualcomm system) are likely to be 
2 0 deployed as a wide area cellular service for the Personal Communications 
System (PCS). WACS (Wireless Access Communications Systems, as 
defined by Bellcore) is another TDMA system and is likely to be deployed in 
micro-cellular and pico-cellular environments. In Europe, CDMA third 
generation systems (based on the RACE CODIT research project) may co- 

2 5 exist with second generation TDMA systems such as Global System for 

Mobile Communications (GSM) and Digital European Cordless Telephony 
(DECT) as well as third generation TDMA systems. 

With such a mixed deployment of systems, it is desirable for a 
handset to be both capable of multi-mode operation and of seamless 

3 0 handover between access technologies such as TDMA and CDMA. 

FIG. 1 shows the prior art of handing-off between cells operating 
similar CDMA systems on different frequencies as employed by the RACE 
CODIT system. In this system, handoff is achieved by a mobile station (MS) 
and both base stations (BSs) entering a time compressed mode of operation. 
35 In this time compressed mode the mobile communications can occur at twice 
the bit rate for half of the time on each system. 

This is possible in CDMA systems by reducing the spreading factor 
when in compressed mode so that the data rate increases while the chip rate 
remains constant. To compensate for the reduced spreading factor, which 
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protect against oo-chaxmel in«rfe«nce, U>e power during compressed 
mode is increased. In such a way a MS is able to contmue .ts 
"^Xtion with the CDMA systen. and simultaneously -"tor -md 
s^ently access another frequency. wMlst the call is bemg .xansferred 

' "*^rorrini*i3teaha„do<rse,uenoe.aMSmomtors.^d^BSs 
™ new fre<niencies. FIG. 1 comprises fom- graphs that detal handoff 
ZZ^Z, CDMA systems: graph 10 showing the uplink tran»mss.ons 
TuS and a first CDMA BS (BSD, graph 20 showing the uphnk 

,0 t^sBionshetween^^MSandthesecondCDMA^^S^^^^^^ 

showing the downHnk transmissions between the first CDMA BS (BSD and 
Sandgraph408h.winsthedownlinktransmissionsbetweenthe 

^„d SmA is (BS2) and the MS. The U«m W is 

^^Z^^on from a MS to a BS and .he term 'downlink" ,s used to define 

n c: fl cnmm\ixiication from a BS to a MS. 

" "aetata a monitoring of two frequencies and a handoff e.ecu..on 

process, the MS request from the first BS a time compressed »^ 

' , . r<^«v. in Oranh 30 indicates the swtch to tne 

operation 12 as shown in Graph 10. Graph dO mmca 
tLe compressed mode of operation performed by the first BS 32. ^e Mt. 

30 — theactivityofthesecondBS34.TheMSthenre^^^^ 

first BS handoff to the second BS 14. hx the followmg time slot the MS 
^^U. half of the iime to the first BS 16 and half of U.e tx^^^^ 
secondBS22usingthetimecompressedmodeofoperaUon. Thet^ tmie 
slot" includes the s>vitching time, guard time, ramp tm.e -d slot t«n. 

Graphs 20 and 40 show the communications between the MS and the 
second^ The fink between the MS and the second BS is first established 
iTe t^e compressed mode 22. After a short period the link between 
MS^TSie second BS is then returned to a normal (non-tune compressed) 
Ide of operation 24. Graphs 10, 20. 30 and 40 also show signallmg 
r^els Ts which are used to estabUsh and relinquish compressed mode 

channel 18 is code division multiplexed on to the 

"^^^"proachisreauiredwhenhandoffisreauired^^^^^^ 

dissimUar access technologies. Specifically, a candidate system may be a 
TO^sTstem By definition. TDMA is time discontinuous and hence, the 
p^^ 's nTt suLdent to allow access to general TDMA systems smce the 
'^l^ristics of the compressed transmissions in the pnor art are fixed at 
50 % duty cycle and twice the transmit power. 


30 

traffic channel 

35 


BNSDOCID- <WO ^9623369A1J_> 


4 

WO 96/23369 


PCT/EF96/00326 


-3- 

Thus it is desirable to have a multi-mode handset capable of handoCF 
between a flexible time domain system and a second time domain system 
and a method of operation thereof. 

5 ,c;^tTnTtiarv of the Invention 

According to the invention, a communications system is provided 
having a mobile station and at least two time domain systems, one of which 
is a first flexible time domain system, the communications system comprises 

10 a means for initiating time adjusted operation by the mobUe station on the 
first flexible time domain system and means for informing by the mobile 
station to the flexible time domain system at least one particular activity 
requirement of the mobile station. 

A method is also provided for handing off a MS between two time 

15 domain systems where at least one of the time domain systems is a flexible 
time domain system, the method includes the steps of the MS initiating a 
time-adjusted mode of operation on the flexible time domain system and 
informing the flexible time domain system at least one particular activity 
requirement of the MS. 

20 In a preferred embodiment the first flexible time domain system uses 

CDMA technology and the second time domain system uses TDMA 
technology. 

Rripf npscripti pn nf the Drawings 

25 

FIG. 1 shows time domain graphs of uplink and downlink 
transmissions associated with the prior art for handoff between two CDMA 
systems. 

FIG. 2 shows a block diagram of a preferred embodiment of the 
3 0 communications system. 

FIG. 3 shows a flow chart for a method of handoff" between the two 
communications systems of FIG. 2 according to the present invention. 

FIG: 4 shows time domain graphs detailing the transmissions 
between the two time domain systems and the mobile station for the 
35 preferred embodiment of the handoff" operation of FIG . 2. 

FIG. 5 shows time domain graphs detailing time domain 
transmissions where a high compression rate of the CDMA system is 
required in the preferred embodiment of the handoff operation of FIG. 2. 
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Referring first to FIG. 2 a block diagram of a co»m.micati«« s3^ 
5 U shown in ac«.rdance with the preferred embodiment of the mv«.t>on^ The 
' 'i^I^ications system comprises . mobUe station (MS) 60 a tase station 
(BS) 52 operating on a first fladble time domain system and a BS 54 

'^ig'on a sLnd time domain system. The MS can c.mmnm«Uw.th I 
both aTfirst fle^ble time domain system 56 and the second time domam 

" °^"'g sshowsaflowchartforhandoffbetweenaflrstflexibletime 
domain system and a second time domain system, fa a preferred 

embodimLt of the present invention the first fl«dbie time ^^-^TT^ " 
a Code Divirton Multiple A<:cess (CDMA) system and the second time 

.5 do^ sysum IS a Time Division Multiple Access (TDMA)^t- In step 
100 the MS is in communication with Uie CDMA system. The MS 
ZZ^y scans alternative candidate systems in a time adjusted mode as 
ZT^l. WhentheMSdeddestohandofftoiheTDMAsystemasmstep 

"olte MS determines ti.e number of sub frames IT per frame on wfach 
,0 tillssi onsti,theCDMAsystemwiUoccurduringti.ehandoflp^^ 
SUP 106. The value of IT is chosen to avoid contention at the MS between 
fee received TDMA and CDMA transmissions. The MS also m».tors the 

* w^ timing parameters of the TDMA system as in s'^'^^^f^ 
ti.e CDMA BS to enter the time adjusted mode specfymg -K- and the 

25 downlink timing parameters of the TDMABS as in b**!- J^' 
transmissions are arranged on the CDMA system, such that the MS 
SZ^uslyoperatesonti-eTDMAsystem. The CDMA BS and the MS 
Xsmeir ti-LLitted power levels on ti.e CDMA system to be mve«ely 
:* personal to "N". with the highest energy sub-frames "^i-i^e-^ 
.0 nrocessed as in step 112. The call can then be transferred U> the TDMA 
' Ts^t determined in step 114. The CDMA link is then dropped as m 
2™ 118 and the caU progressed on tiie TDMA system as m step 120. If the 
MS was^t to acJ^ss^e TDMA system as in step 116 the MS returns to 

the scan mode as in step 102. »,c. .„j r« are in 

35 In the preferred embodiment of the invention, a MS and ^ m 

communication via a time continuous CDMA channel. Soft handoft occurs 

ZTcelU «. the same frequency within the ^^^^^^^ 
known to those skilled in tiie art. However, occasionally handoff to a cell 
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operating on a new carrier is necessary. This is usuaUy required because 
the mobile needs to switch to a new ceU type (classified by size and power) 
due to coverage considerations (for example moving out of an urban area 
where micro-cells are employed) or due to mobility considerations (for 
5 example an increase in user speed so that a larger ceU is more suitable). 

FIG 4 shows the time domain graphs that detail both a multi-mode 
operation of the MS wherein the MS communicates simultaneously with the 
CDMA and the TDMA systems, in addition to the handoCf operation between 
the CDMA system and the TDMA system of the preferred embodiment of the 
10 invention. FIG. 4 includes: graph 60 showing the uplink transmissions 
between the MS and the CDMA BS (BSD, graph 70 showing the uplink 
transmissions between the MS and the TDMA BS (BS2). graph 80 showmg 
the downlink transmissions between the MS and the ^^MA BS (BSl) ^d 
graph 90 showing the downlink transmissions between the TDMA BS (BS2) 

15 and the MS. , 

To enable monitoring of candidate systems for the MS graph 60 shows 
the MS requesting a time adjusted mode of operation of the CDMA system 
62, specifying a desired compression rate and a time offset at which to 

disable transmission. A CDMA downlink frame is then sub-divided into (N) 
20 slots 82 as shown in graph 80. The CDMA BS then tiransmits in a time 

adjusted mode on the downlink with increased power 84 aUowing the mobile 
to monitor the TDMA system 86. The abiHty to move to a low compression 
rate (compared with the prior art) has several benefits, including the fact 
that there is less disruption to the closed loop power control employed on 
25 many CDMA systems due to a shorter interruption of transmissions, and a 
requirement for a lower peak power. 

After monitoring the TDMA system 86. a MS may wish to imtiate a 
handoff to that system and thus sends a request to the CDMA system to 
again enter time adjusted mode 64. This time the time adjusted mode may 
30 continue for a large number of CDMA frames as a MS will have to register 
with the TDMA system and the call will have to be transferred before the 
link from the CDMA system can be dropped. The CDMA BS is informed of 
some parameters relating to the TDMA system, in particular frame time and 
slot duration (including guard, ramp and switching times), and the position 
35 of the first downhnk TDMA slot in relation to the CDMA frame. In addition, 
the MS 66 and CDMA BS 88 agree to transmit on a certam number of 
CDMA slots per CDMA fi^e. This information is passed as part of the 
handoff request. Alternatively, a predefined set of parameters can be 
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recaUed for a particular TDMA technology, with the relative time offsets 
between the CDMA and TDMA frames being suppUed by the mobile. 

Graph 60 shows the MS transmitting on the agreed number of CDMA 
timeslots 66. The particular timeslots on which a MS transmits will be 
decided by the MS in order to avoid contention with the TDMA system. The 
CDMA BS selects a number of the highest energy slots out of the CDMA 
frame. Alternatively, the MS may indicate in advance on the uplink of 
graph 60 which CDMA timeslots will be used. However this would require a 
higher signalling overhead. 

On the CDMA downHnk shown in graph 80, the CDMA BS calculates 
which slots a MS is able to receive transmissions on, and of these the CDMA 
BS will then transmit on the required number of slots 88. The MS will 
select the hi^est energy CDMA slots to receive. Alternatively, there may 
be a predefined pattern of CDMA slots on which the CDMA BS wiU 
15 transmit. 

Graph 70 and graph 90 show the communications between the MS 
and the TDMA BS (BS2). The TDMA communications link is estabhshed as 
shown 72. For some TDMA systems, the MS may be assigned new slots for 
signalUng once random access has occurred. In this case, the MS must send 
20 on the CDMA uplink new timing information for the downHnk 

transmissions. Once the TDMA link has been established the CDMA 
commtinications can be dropped, if required. 

FIG. 5 includes examples of different TDMA frame times comprising: 
graph 100 showing typical multi-mode to-ansmissions to the CDMA and 
25 TDMA systems of the preferred embodiment of the invention, graph 110 
showing a situation where a high compression rate of the CDMA 
transmissions is required, resulting in significant increase in peak power 
and graph 120 showing tixe preferred embodiment of the invention in a 
situation where a high compression rate is otherwisejequired. 
30 In the preferred embodiment of the invention it is assumed that 

CDMA transmissions only occur in fixed time slots of the CDMA frame. In 
certain circumstances where the TDMA frame time is very short (eg 2ms) 
the adoption of a time adjusted mode of operation leads to tiie requirement 
for a very high compression ratio 112. which in turn requires a high peak 
35 power ti-ansmitted by tiie MS which is undesirable as shown in graph 110. 
This problem is reduced in the preferred embodiment of the invention by 
providing overlapping sub-frame positions, as shown in graph 120. 
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The overlapping of sub-frames advantageously provides more freedom 
in the selection of the CDMA sub-frame positions so that the transmissions 
occupy a greater number of (overlapping) positions 122 in the frame, whilst 
still maintaining the slot durations. 

In principle the invention could be generalised to allow any slot 

length at any position. 

Thus a communication system and method are provided where a 
multi-mode mobUe station is able to handoff between two different access 

systems. 
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(7] aims 

1 A conunuiiications system having at least a mobile Station able to 
simultaneously communicate with a first time domain system and a second 
5 time domain system where at least one of the time domain systems is a 
fiexible time domain system, the communications system comprising: 

means for initiating time adjusted operation on the flexible time 
domain system by the mobile station; and 
10 means for informing by the mobile station to the flexible time domam 

system at least one particular activiiy requirement of the mobile station. 

2 The communications system of daiml wherein the first time domain 
system is a TDMA system and the second time domain system is a flexible 

15 time domain system. 

3 The communications system of daim 2 wherein one of the at least one 
particular activity requirement of the mobile station is at least one planned 
timing parameter of the mobile station communications with the TDMA 

20 system. 

4. The communications system of daim 3 wherein the timing parameter 
includes slot and frame information. 


25 


30 


35 


5 The communications system of daim 3 wherein the timing parameter 
includes a position of the first downlink TDMA slot in the relation to the 
flexible time domain system frame. 

6 The communications system of claim 1 wherein one of the at least one 
particular activity requirement of the mobile station is a particular type of 
TDMA system. 

7 The communications system of daim 1 wherein one of the at least one 
particular activity requirement of the mobile station is how many sub- 
frames "N" per frame during which communications will occur. 
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8. The conmninications system of claim 1 further compTising means for 
arranging transmission of 'TST sub-frames per frame of the flexible time 
domain system so that contention at the mobile station is avoided. 

5 9. The communications system of daim l further comprising means for 
processing the "N" highest energy received sub frames. 

10. The communications S3rstem of claim 1 further comprising means for 
arranging adjustment of the transmission power of the mobUe station and 

10 the CDMA base station, by the mobile station, to a power level inversely 
proportional to "N". 

11. A method of handing off a mobile station between a first time domain 
system and a second time domain system where at least one of the time 

15 domain systems is a flexible time domain system, the method comprising the 
steps of: 

initiating time adjusted operation on the flexible time domain system 

by the mobile station; and 
2 0 informing by the mobile station to the flexible time domain system at 

least one particular activity requirement of the mobile station. 

12. The method of claim 11 wherein one of the at least one particular 
activity requirement of the mobile station is how many sub-frames "N" per 

25 frame communications will occur. 

13. The communications system of claim 11 wherein the first time domain 
system is a TDMA system and the second time domain system is a flexible 
time domain system. 

30 

14. The method of claim 13 wherein one of the at least one particular 
activity requirement of the mobUe station is at least one planned timing 
parameter of the mobile station communications with the TDMA system. 

35 15. The method of claim 14 wherein the timing parameter includes slot and 
frame information. 
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16 The method of daim 14 wherein the timing parameter includes a 
position of the first dovmhnk TDMA slot in the relation to the flexible tmie 
domain system frame. 
5 17 The method ofdaim 11 wherein one ofthe at least one particular 
activity requirement ofthe mobUe station is a particular type of TDMA 
system. 

18 The method of daim 11 fiirther comprising arranging transmission of 
10 sub-fi-ames per frame so that contention at the mobUe station is avoided. 

19. The method of daim 11 further comprising processing the -N" highest 
energy received sub-frames. 

20 The method of daim 11 further comprising arranging adjustment ofthe 
^ansmission power of tiie mobile station and the CDMA base station, by the 
mobile station, to a power level inversely proportional to "N". 

21. A method of any of the preceding daims where the flerible time domain 
20 system is a CDMA system. 

22. A method of any of the preceding daims wherein the "IT sub-frames of 
the flexible time domain system are overlapping. 


15 
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